IMPORTANCE National guidelines do not agree on the role of carotid screening in asymptomatic patients (ie, patients who have not had a stroke or transient ischemic attack). Recently, several physician organizations participating in the Choosing Wisely campaign have identified carotid imaging in selected asymptomatic populations as being of low value. However, the majority of patients who are evaluated for carotid stenosis and subsequently revascularized are asymptomatic.
mately 10% to 15% of ischemic strokes are attributable to atherosclerosis of the carotid arteries. 2 Secondary stroke prevention guidelines support the use of carotid imaging to evaluate patients with a recent cerebrovascular event to assess them for carotid plaque. 3 However, national guidelines conflict on the role of carotid screening in asymptomatic populations (patients without a history of stroke or transient ischemic attack [TIA] ). 4 For example, the US Preventive Services Task Force (USPSTF) has recommended against carotid screening in adult patients without a history of stroke or TIA in both its 2007 and updated 2014 guidance. 5 Other national guidelines favor imaging for some limited indications in patients with asymptomatic carotid disease (eg, those with established stenosis, carotid bruit, or multiple vascular risk factors) although these recommendations are based on expert opinion rather than robust evidence. 4, 6 More recently, carotid imaging in asymptomatic populations has been identified by different physician specialty organizations as a low-value test and has appeared on several top 5 lists in the national "Choosing Wisely" campaign. 7 The American Academy of Family Physicians, 8 for example, has stated, "don't screen for carotid artery stenosis in asymptomatic adults." The American Academy of Neurology 9 has stated, "don't perform imaging of the carotid arteries for simple syncope without other neurologic symptoms," and the Society of Thoracic Surgeons 10 has stated, "don't initiate routine evaluation of carotid artery disease prior to cardiac surgery in the absence of symptoms or other high-risk criteria." Once imaging occurs in an asymptomatic patient, revascularization can be offered to patients with carotid stenosis based on current guidelines for primary prevention of stroke. 3 Embedded in these recommendations is an understanding derived from randomized clinical trials that patients undergoing revascularization are expected to live for at least 5 years so that the short-term risks such as stroke, myocardial infarction, and death posed by the procedure are offset by the longterm benefits of stroke risk reduction. 3, 11 Although the evidence in support of efficacy of carotid revascularization to reduce recurrent cerebrovascular events among patients with symptomatic carotid disease is strong, the majority of revascularization procedures are performed in patients with asymptomatic carotid artery disease, in whom the evidence for clinical benefit is more modest and long-term outcomes are of paramount importance. 3, 12, 13 Therefore, ensuring that patients selected for revascularization will live long enough to benefit is critical, and improving patient selection for carotid imaging will ultimately improve the selection of revascularization recipients. The long-term health consequences of low-value imaging have not been commonly studied, and the risks and benefits of diagnostic imaging are not always clear to patients and clinicians.
14 To better understand why asymptomatic patients receive carotid artery imaging, we examined the indications provided by physicians for carotid ultrasounds in a national cohort of patients who received carotid intervention for asymptomatic stenosis in the Veterans Health Administration (VHA). Because guidelines recommend that patients who receive revascularization have a 5-year life expectancy, we also examined long-term survival of these patients after the intervention.
Methods

Sample and Data Sources
This study was approved by the University of California, San Francisco, Committee on Human Research. Informed consent was waived because this was a retrospective cohort study with no human subject contact and minimal privacy risks. Using national VHA data, we identified (N = 4127) patients 65 years and older undergoing carotid endarterectomy (CEA) and carotid stenting (CAS) for asymptomatic carotid stenosis between 2005 and 2009. We defined asymptomatic patients as patients who did not have evidence of any type of stroke or TIA in the 6 months prior to receipt of first carotid imaging.
To identify asymptomatic patients, we used a previously developed high-sensitivity algorithm based on International Classification of Diseases, Ninth Revision, codes to exclude patients with stroke (including retinal artery occlusion) and TIA using administrative data. 15 We then reviewed each patient's medical record and further excluded any patient with any history of stroke and TIA documented in the medical record. We examined the indication for the first carotid image each patient received in this period before revascularization. We intentionally looked for the first image in this period to reduce the number of nonspecific indications provided such as "follow-up." We limited the sample to carotid ultrasounds rather than all imaging because other imaging modalities (eg, computed tomographic angiogram or magnetic resonance angiogram) may also be ordered to evaluate other vascular disease and carotid findings may be incidental, whereas carotid ultrasound is used primarily to identify carotid stenosis. We used national Veterans Affairs (VA) Corporate Data Warehouse and VA Medical SAS administrative databases to obtain data on age, sex, comorbidities, and CEA or CAS procedures. 16 Medical record abstraction was used to confirm that CEA or CAS was performed after the first carotid image was obtained and to obtain additional data on comorbidities and indications listed by physicians for carotid imaging. Long-term survival of the cohort of patients who underwent CEA and CAS was extracted from the VA vital status file.
Identification of Indication for Imaging
All indications for the initial carotid ultrasound were identified by 4 trained abstractors (A.W., A.A., R.A., S.S. 
Expert Panel Review of Indications
Expert review of indication was necessary because guideline recommendations on screening in asymptomatic populations are limited and conflicting. 
Analysis
First, we compared the indications abstracted from the medical record to currently available national guidelines to determine how well guidelines cover current practice. Second, we compared the indications abstracted from the medical records to the quality assessments made by the expert panel. For this analysis, the sample was restricted to the 4063 patients whose carotid ultrasound had at least 1 indication listed. If the ultrasound had multiple indications, the rating of the test was assigned on the basis of the most appropriate indication(s). We calculated percentages of carotid ultrasounds rated appropriate, uncertain, or inappropriate. Finally, we also compared 5-year overall survival in patients receiving carotid imaging and subsequent medical record-confirmed revascularization among the 3 appropriateness categories using a log-rank test. Analyses were conducted using SAS, version 9.4 (SAS Institute), and Stata, version 12.1.
Results
Patient Characteristics
A total of 4127 patients were in the cohort; 64 patients had no indications provided by clinicians, leaving a final sample of 4063 patients ( 
Appropriateness of Carotid Imaging
Each indication was rated using the expert panel's assessment. The majority of images (3421 [84.2%]) had a single indication, while the remaining images had between 2 and 4 indications. A total of 398 (9.8%) images had multiple indications with different levels of appropriateness. We assigned each image the most appropriate quality assessment. Some carotid ultrasounds had multiple indications with the same quality assessments (eg, 2 indications that were both appropriate). Rates of appropriate, uncertain, and inappropriate imaging were 5.4% (227 indications), 83.4% (3387 indications), and 11.3% (458 indications), respectively ( Table 4) . Whereas most of the appropriate indications assigned to images were related to ocular disease (164 [72.2%] of 227), the most common appropriate indication listed was follow-up within 2 years of carotid intervention. Carotid bruit and follow-up for established carotid disease were the most prevalent uncertain indications. Among the inappropriate indications, dizziness/vertigo, syncope, and blurred/change in vision were the most common (Table 3) . Memory loss or dementia, n = 13 Lightheadedness, n = 12 Fall without focal weakness, n = 9 Headache, n = 9 Optic nerve ischemia, n = 8 Branch retinal vein occlusion, n = 7 Generalized weakness, n = 7 Orthostatic hypotension, n = 7 Tilting/change in gait (without focal weakness), n = 7 Tingling of limb without focal weakness, n = 6 Balance problems without focal weakness, n = 5 Seizures, n = 5 Tremor, n = 4 Anterior ischemic optic neuropathy, n = 3 Diplopia, n = 3 Mental status change, n = 2 Nonfocal peripheral neuropathy, n = 2 Tinnitus, n = 2 Cotton wool spot, n = 1 Cystoid macular edema, n = 1 Dyspnea, n = 1 Family history of cerebrovascular accident, n = 1 Jaw pain, n = 1 Occasional dark spot in visual field, n = 1 Optic nerve changes, n = 1 Sequential disk swelling, n = 1 Staggering (without focal weakness), n = 1 Tingling with elevation of head, n = 1
Abbreviations: CABG, coronary artery bypass graft; CAS, carotid stenting; CEA, carotid endarterectomy. a If an image had multiple indications, the indication that was most appropriate was listed in Table 3 ; therefore, there are fewer indications than were listed in Optic nerve ischemia, n = 9 Diplopia, n = 5 Anterior ischemic optic neuropathy, n = 3 Sequential disk swelling, n = 1 Cotton wool spot, n = 1 Occasional dark spot in visual field, n = 1 Optic nerve changes, n = 1 Cystoid macular edema, n = 1
Other surgical procedures, n = 146 CABG, n = 93
Memory loss or dementia, n = 32 Fall (without focal weakness), n = 26 Tilting/change in gait (without focal weakness), n = 11 Balance problems (without focal weakness), n = 10 Seizure, n = 8 Tingling sensation of body part without other neurologic deficit, n = 7 Nonfocal peripheral neuropathy, n = 7 Tremor, n = 6 Mental status change, n = 5 Staggering (without focal weakness), n = 4 Tingling sensation with elevation of head, n = 1
Headache, n = 17 Generalized weakness, n = 16 Neck pain, n = 10 Chest pain, n = 2 Cardiac murmur radiating to neck, n = 2 Jaw pain, n = 2 Dyspnea, n = 1 
Long-term Survival
Among the 4063 patients in the final sample, 3373 (83.0%) received a CEA. Overall, 663 procedures were performed in patients 80 years and older. Postintervention overall survival in this cohort was 71.4% at 5 years. Rates of survival by age group 65 to 74, 75 to 84, and 85 years and older were 75.3% (1857 patients), 66.5% (979 patients), and 58.9% (73 patients), respectively (P < .001). Rates of survival among patients who received carotid imaging on the basis of appropriate, uncertain, and inappropriate indications were not significantly different (P = .07) and were 66.4%, 72.1%, and 68.8%, respectively.
Discussion
Most carotid imaging tests that resulted in patients with asymptomatic carotid disease undergoing revascularization were performed for indications in which the benefits of imaging are uncertain, and 1 in 9 tests were performed for inappropriate indications. We found that approximately one-third of indications listed by clinicians are not addressed by current national guidelines. We also found that many patients do not live long enough to benefit from revascularization.
There is a tension between appropriate screening and appropriate revascularization that necessitates further comment. It is possible that a patient would be screened on the basis of an indication that would appear clinically inappropriate for imaging but lead to an otherwise appropriate revascularization procedure if severe stenosis was identified. This clinical dilemma is the result of the chosen point of reference. From an individual perspective, it may be beneficial to have screening that is not guideline based if that screening demonstrates a true positive abnormality that is amenable to an effective evidence-based intervention. From a societal perspective, screening all patients (including a patient who benefited) may not be beneficial (and thus not recommended) if the false-positive rate of the screening test is high or the evidence for intervention is weak. This tension between the individual perspective (which often does not include consideration of the harms of false-positive test results) and the societal perspective is at the root of many of the current national debates on screening.
In the case of carotid disease, the tension between the individual and population perspective is further exacerbated by the fact that different societies have different recommendations based on how they define an "asymptomatic" individual. 4, 5 A patient with vascular disease may have asymptomatic carotid disease (ie, no history of stroke or TIA), but by virtue of the presence of systemic atherosclerosis, the American Heart Association considers it reasonable to screen such patients, whereas the USPSTF does not.
Other areas in which national recommendations differ include further assessment of a carotid bruit. In our study, greater than half of all imaging was performed to evaluate for carotid bruit and monitor the progression of carotid stenosis, indications that our panel rated as of uncertain value because of a lack of evidence in the area. For example, a patient with a carotid bruit who is of advanced age and has multiple comorbidities may have little clinical benefit from imaging. Such a patient may not live long enough to benefit from intervention. Another area in which improved guidance is necessary relates to the duration of follow-up imaging for patients with established carotid stenosis. The USPSTF has an overall recommendation against any screening in asymptomatic carotid populations, whereas the guidelines issued by the American Heart Association in conjunction with other specialty societies recommend screening and follow-up for carotid disease in patients with carotid bruit and also patients with greater than 50% stenosis. 4 Revisiting the evidence base and clarifying, expanding, and harmonizing the guidelines for imaging in asymptomatic populations may be warranted to reduce potentially unnecessary testing. The 2 most recent major randomized clinical trials of intervention in asymptomatic patients showed that given the procedural risks inherent in CEA and CAS procedures, patients must live 5 years to realize a net benefit from revascularization. 3, 17, 18 Roughly one-quarter of the patients in our cohort who received intervention did not survive 5 years. This was more than double the death rate observed in the most recent trial. 17, 19 The fact that long-term survival was similar for patients who received imaging for indications deemed appropriate or uncertain vs inappropriate imaging deserves some comment. Revascularization once carotid stenosis is identified may occur without full consideration of a patient's life expectancy. Although patient reassurance, clinician uncertainty, and other reasons might underlie test ordering regardless of patient eligibility, these findings could suggest that guideline development and decision support for carotid imaging ordering in an asymptomatic patient should more fully address eligibility for intervention at the time of initial test ordering. Our results also suggest that reducing inappropriate carotid imaging may stem a "pipeline" of low-value care because many patients who were subsequently revascularized received initial imaging for reasons considered inappropriate by our expert panel. Reducing low-value carotid imaging can also reduce low-value carotid intervention in patients who will not live long enough to benefit. Given that carotid imaging is a fairly commonly ordered test, targeting carotid imaging using decision support tools to reduce inappropriate use may be a good approach to improve the value of health care without compromising quality. Currently there is no guidance on ordering carotid ultrasound in the VHA or in most clinical settings. Our study demonstrates that developing such decision support is needed.
The sample chosen for this study has both strengths and limitations. On the one hand, this cohort focuses on asymptomatic patients who underwent revascularization and does not represent all patients who receive carotid imaging. The distribution of indications may be different in a population that did not receive intervention. On the other hand, our cohort is an important sample to examine because it provides an assessment of the primary reason for screening for carotid stenosis among patients who ultimately received intervention. The long-term consequence of this pipeline of low-value care is more apparent. Another important limitation to consider is the generalizability of the sample. The indications extracted were for carotid ultrasounds ordered by physicians practic-Copyright 2016 American Medical Association. All rights reserved.
ing in the VHA, a national setting with an electronic health record and electronic ordering system. Our results may not represent the scope of indications for which physicians order carotid imaging in different settings. However, most VHA hospitals have academic affiliations and many clinicians practice in multiple settings; therefore, it is likely that our results are representative of academic settings with electronic imaging ordering. Another limitation is that our cohort was almost entirely male; however, there is no reason to believe that indications listed by physicians for imaging would vary by sex. In addition, appropriateness assessment by the expert panel was by full consensus and any disagreement resulted in a quality assessment of "uncertain." Our conservative approach with a requirement of 100% agreement among panel members on indications resulted in more quality assessments being assigned an "uncertain" rating than an "inappropriate" rating. However, a slight shift in the quality assessments from uncertain to inappropriate would not materially affect our conclusions. Finally, the indications extracted were for the period of 2005 to 2009; it is possible that reasons for ordering carotid images have evolved. However, national guidelines currently still conflict.
4,5
Conclusions
The majority of patients who undergo carotid revascularization for asymptomatic carotid disease received a diagnosis on the basis of results of tests ordered for uncertain or inappropriate reasons. Consideration should be given to improving the evidence base around carotid testing, especially around monitoring stenosis over long periods and evaluating carotid bruits. The ongoing National Institutes of Health-sponsored Carotid Revascularization and Medical Management for Asymptomatic Carotid Stenosis Trial (CREST-2) should clarify the value of revascularization in asymptomatic populations. 20 Finally, clarifying and harmonizing current guidelines and the development of evidence-based decision support tools to support appropriate patient selection for carotid imaging in practice can reduce the use of low-value imaging and improve long-term patient outcomes.
